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ABOUT THE INSTITUTE FOR SERVICES TO EDUCATION

.

The Institute for S8rvices to Education-was incorporated as a non-profit organization in 1965
and received a basic grant from the Carnegie (‘orpordtion of New York. The organization is founded
on the prmuf»le that education today requires a fresh examination of what is worth teaching and
how to tcach it. ISE.uhdertakes a variety of _educational tasks, working cooperatively with other
educationalMnstitutions, under grants from govcrnmcnl agencies and private foundations. ISk is a
(,dldlyS[ tor change.'It does not, just produu educational materials or techniques that are innovative;
it develops, in cooperation wnlh teachers and administrators, proudures for effective installation of
successful matenals and techniques in the colleges.

"ISE is headed by Dr. Elias Blake, Jr., a former teacher and is staffed by college teachers with

experience in° working with dxsddvanldgud youth and Black youth in educational settings both in
predominantly Blde and prLd()mlndnlly white LO”LgCS and schools.

ISE's Bour(l of Directors consists of persons in the higher-education®ystem with histories of
involvement in curriculum change. The Board members are:

<

Vernon Alden Chairman of the Board, The Boston Company, Bostos, Massachusetts

Herman Bramson President, Lincoln Univcrsily : :

Kingman Brewster, Jr. President, Yale University .

Donald Brown The Center for Research on Learning and Teaching, University of
. ~ Michigan

A;thur P. Davis
Carl J. Dolce
Alexander Heard
Vivian Henderson

Graduate Professor in E ng,hsh Howard University

Dean, School of Education, North Carolina State University
Chancellor, Vanderbilt University
President, Clark College

Martin Jenkins
Samuel Nabrit '
Arthur Singer

Otis Singletary

C. Vann Woodward
Stephen Wright
Jerrold Zacharias .

Director, Urban Affairs, ACE

"Executive Director, Southern Fellowship Fund, Atlanta, Georgia

Vice President, Sloan Foundation, New York New York
President, University of Kentucky
Professor of History, Yale University

_ ®
Consultant to President of CEEB ’

Professor of Physics, Massachusetts Institute of chhn(ﬂbgy
»

ABOUT THE THIRTEEN-COLLEGE CURRICULUM PROGRAM

< From 1967 to the present, ISE has been working cooperatively with the Thirteen-College
Consortium in  developing  the Thirteen-College  Curriculum  Program. The Thirteen-Collége
Curriculum Program is an educational experiment that includes developing new curricular matcerials
for the entire freshman year of lcollege in the areas of English, mathematics, social sciencephysical
science, and biology and two sophomore year courses, humanities and philosophy. The program is
designed to reduce the attrition rate of entering freshmen through well thought-out, new curricular
materials, new teaching s(ylcs, and new faculty arrangements for instruction. In addition, the
program secks to alter the educational pattern ot the institutions involved by changing blocks of
courses rather than by developing single courses. In this sense, the Thirteen- -College Curriculum
Program is viewed not only as a curriculum progrdm with a consistent set of academic goals for the
separate courses, but also as a vehicle to produce new and pertinent educational changes within the
consortium in‘stitutions. At ISE. the program is directed by Dr. Frederick S. Humphries.
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Vice-President. The curricular developments for the specific courses and gvaluation of the program

are provided by the following persons:

.
iCourse -

English

Social Science

§

Mathematics

&

Physical Scignce
1\

“~

Biology

.

Humanities

Philosophy

S

Evaluation

In addition. Miss Patricia Parrish serves as general
an Administrative Assistant to the Director. Mrs. Joan Cy

7

ISE STAFF, - 7
Miss Joan Murrell, Senior Program Ajgsociate o
Miss Carolyn Fitchett, Program Asspciate
Mr. Sloan Williams, Program Associate .
Miss Tiveeda Williams, Research Agsistant

‘Miss Ernestine Brown, Secretary

Dr. George King, Senior Program/Associate

Dr. William J. Massie, Jr., Prograyn Associate .
Miss Nancy Seymour, Research Assistant

Miss Gloria Lowe, Secretary

Dr. Beaurcegard Stubbtefield, Sénior Program Associate
Mr. Bernis Barnes, Program Asgociate
Dr. Phillip McNeil, Program Afpsociate
Dr. Walter Tafbot, Consultant
Mrs. Debrah Johnson, Secretiry

Dr. Leroy Colquitt, Senior Pfogram Associate .
Dr. Ralph Turner, Consultangt /
Mrs. Cynthia Paige, Secretary

Dr. Charles Goolsby. Senio
Dr. Daniel Obasun, Progra
Dr. Paul Brown, Consultanjt

Program Associate
Associate

Mr. Clifford Johnson, Senjor Program Associate
Miss Marguerite Willett, Secretary

Dr. Conrad Snowden, Serfior Program Associate
Dr. Henry Olela, Prograny Associate

Miss Valerie Simms, Program Associgte

Miss Judith Burke. Resedreh Assistant &
Miss Faith Halper, Secreflary

4
Dr. Thomas Parmeter, Sgnior Research Assoctate
Dr. Joseph Turner, Senior Research Associate
Mr. John Faxio, Researgh Assistant

Mrs. Judith Rogers, Se¢retary

ditor of the curriculum materials as well as
oke is Secretary to the Director.

The curriculum staff is assisted in the generatipn of new educational ideas and teaching
strategies by teachers in the participating colleges and outside consultants. Lach ot the curriculum
areas has its own advisory committee. with 111cmhcr7dmwn from distinguished scholars in the field

but outside the program.




The number' of colleges participating in the program has grown fromv the original thirteen of
1967 to nineteen in 1970. The original thirteen colleges are:

Alabama A and M University Huntsville, Alabama

Bennett College T Greensboro, North Carolina
Clark College ' . Dallas, Texas

Florida A and M University Atlanta, Georgia

Jackson State College . Tallahassee, Florida
Lincoln University ‘ Lincoln University, Pennsylvania
Norfolk State College e Norfolk, Virginia

North Carolina A and T State University Greensboro, North Carolina
Southern University ) Baton Rouge, Louisiana
Talladega College , . fTalladega, Alabama
Tennessee State University Nashville, Tennessee
Voorhees College (. Denmark, South Carolina

A fourteenth colege joined this consortium in 1968.;althougf1 it is still called the
Thirteen-College Consortium. The fourteenth mcmbcrﬁis: '
5
Mary Holmes Junor College West Point, Mississippi

]

In 1970, five rpore colleges joined the effort although hnking up as a separate consortium. The
. . - . - N
members of the Five-College Consortium are:

Elizabeth City State University Elizabeth City, North Carolina
Langston University Langston, Oklahoma
Southern University at Shreveport Shreveport, Louisiana
Saint Augustine’s College Raleigh, North Carolina
Texas Southern University /,’ Houston, Texas

e
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In 1971 eight more colleges joined the curriculum development effort as another consortium.
The member schools of the Eight College Consortium are:

Alcorn A and M College Lorman, Mississippi

Bethune-Cookman College Daytona Beach, Florida

Grdmbling College , Gramblhing, Louisiana

Jarvis Chnstian College Hawkins, Texas .
LeMoyne-Owen College Memphis, Tennessee

Southern University in New Orleans New Orleans, Louisiana

University ot Maryland, Eastern Shore Princess Anne, Maryland

Virginia Union University Richmond, Virginia

The Thirteen-College Curriculum Program has been supported by grants from:

The Office of Education, Title I1I, Division of College Support

The Office of Education, Bureau’of Research

The National Science Foundation, Division of the Undergraduate Education
The Ford Foundation .

The Carnegie Corporation

The Esso Foundation
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STAFT AND TEACHERS OF Thi MATHEMATICS PROGRAM

Four Years In The Program

Marga@et Artis (NC)
Bernis Barnes (JA & ISE)
Laj Batra (CL)

Calvin Browne (T & AL)
Reuben Drake (NC)

Carolyn Harris (CL)

Janie Jordan (NF)

Nancy Ledet (TE)

Johnsie Jo Posey (SB) .
Carl Whitman (FL)

Three Years In The Program

Jogeph Colen (JA)
Charles 'iaynie (ISL)
Dorothy " Hogan (BI)

Roger Ingraham (VO & BE)
Carolyn C. Johnson (NF)
Harold King (BI) .
James Kirkpatric (AL)

.

Two Years In The Program

Jack Alexander (ISE)

Ruth Carter (AL)

Beatrice Clarke (FL) -
John Ernst (MH) ///
Lee Evans (ISE)
Praphat Hazra (LI}
Kenneth Hoffman (TA) §
Gwendolyn Humphrey (FL)
Reuben Kesler (VO)

Vivian Kline (LI) .
Huber Lamotte (SB)

Gerard Latortue (VO)

Vernon Lowenber (TA)
Theodore Morgan (Sb)

A. K. Mukherjee (LI)

Dorothea Smith (AL)
Beauregard Stubblefield (ISE)

E3
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One Yecar Ion Ihe Program

Douglas Anderson (JA)
William Barclay (ISE)
Barbara Bardwell (BI)
Hollie Laker (NF)

Joel Brginard (TA)
Willie Brown (JA)
Donald but.er (LA)
Nancy Everett (SS)
Robert Ghent (TA)
Henrilynn Gordon (TS)
Herbert Hamitton (TS)

" Alfred Hawkins (BI)

Robert Hoiitster (TA)
John James (BL)

Ki W. Kim {(LA)
Henry Lewis (SA)
Addessa Lewis (SA)
Mary Leve (TE)

V. P. Manglick (EC)
Robert McKean (LI)
S. S. Sachdev (EC)
Eddie Paramore (BE)
Walter Talbot (ISE)
Melvin Turner (SS)
Elbert White (MH)
Frank Wyse (TA)

Summer

Fred Binford (TE) .
Arthur Bragg (ISE)
Evelyn Edwards (LSE)

Boyd Jones (NF) -~

Phillip McNeil (ISE)

* Virginia Merrill (ISE)

Harold Murray, Jr. (SAC)
Win .'yint (TE)

William Nicliolson (ISE)
Mary Payton (SAC)
Argelia Rodriguez (BI)
Jean Savary (BI)
Euclides Torress (BI)
Ray Treadway (BE)
John,Wiley (ISE)

(AL)-Alabama A & M; (BE)-Bennett; (BI)-Bishop; (CL)-Clark;

(EC)-Elizabeth City; (FL)-Florida A & M; (Ja)-Jackson State; _
(1;)-Langston; (LI)-Lincoln; (MH)-Mary Holmes; (NF)-Norfolk State; -
(NC)-N. Carolina A & T; (SB)-Southern U.; (SS)-Southern gt Shreveport;
(SA)-St. Augustine; (TA)-Talledega; (TE)-Tennesbee; (TS)-Texas Southern;
(V0)=Voorhees; (SAC)-Southern Association; (ISE)-Instlitute For Services to_Ed.
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BASE NUMERATION SYSTEMS
AND '
INTRODUCTION TO COMPUTER PROGRAMMING

i
Nearly everyone has heard of the electronic device known as the

R
electronic computer which has been developed and is in widespread use
by businessmen, scientists, and engineers to assist the . in obtaining

the solutions ot many types of problems. A compuler program is 1

coliection ol instructions (arranged in a predetermined orie.’ uich

allows the _omputer to carry out a sequence of functions for (he

express purpnse of obtaining the solution of a particular problem.
. o
-In this unit you will firnd nany problﬁms that the computer has

helped to solve. It is only natural to expect that the -omputer

progridms 523 as well as the solutions will at times be included. Thus,

.

th’'s allows yo.: to be told some ways to recognize problems you may

Ay
nave that can benefit from the method nsed Because very little extra

computer time would be needed to solve other problems of the same stvle,

these solutions are included as proper subsets of larger sets.  Thus,

tn2 teacher may use this unit, not only to find the answers to those

problems contained herein, but also to select from among the - “ors,
adlitional exercises and test questions.
This unit has Been successfully used as a FORTRAN IV SELF-TEACHER.

Tach type of instrurtion listed in the prog—am is described in

detail before its use.  The descriptions are civen in the order in
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whi-h the instructions appear in the unit. It any computer instruction
has beén previously described, 1t is so indicated by reference® either
tn a previous program or to an earlier portion of the current program.
Aiso, sample data and the manipulation thereot are given in a form
S0 rﬂat the reader may foilow the results throughtout the program.
a .

we shall dse base namerat oo svstens as bases fronm wbitﬁ a pro- ¢
sramaing erfort will be launched., The base of a numeration svs:om is
naned according  to the number of symbols used to represent numbers
only onp~svﬁb@{, l,‘for,the

tem, we write

in that system. For example, there js:

Base One Numeration Svstem.  For this sy

L4
o ' .
1 ttH represent the number of ons the earth has,
11 to represent the numher of elements’in a pair,
111 to represent the number of members of o trio, and
N Y
1l to represent the number of people In a quartet.

Je woulsd use a string of a Jdozew 1's th represent the number of rpos
Y -
in a carton. Rase One Systerm is equivalent te tallving., Yete that

NN .,
e rannot cFIrE zero in this soster At the other coxtreme, in the

~

base Infinitv System, there is a different symhol used for eact nurbe:,

. % -
Necessarily, there are infinitely winy symbols as every number must be

A

' do

represented by a different symbo.,

Mt reterence is given 1n columns 73-80 of the instruction, Coirmns
7357 form the non-executa®lte part of the instruction. As an eaample,
tiv v, oroence 2-7 Means, ‘Sec Instruction #7 ot Programn #2.
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‘In the Base One System, it would be a tedious task to write
representations for large numbers, and the &ase Infinity System would
be too taxing on the brains to read. Theretore, we shall limit car
discussion to finite base numerarion systems which lie hetween these

rwo systems,

2.1 Ba«  FEight As A Systen of Numeration

-— PR A Y

We shall now experiment with a hase numeration svstem which is
between the Base One System and the kgggr[gﬁigiﬁx System. ?In making
use of our previous experiences in the Base Ten Svsteh, we ekperimcnt
with the Base éight System® of Numeration in which there are exactly
eight symbols, 0, 1, 2, 3, Qz 5, 6 and 7. In thii system
l represents the number of noses one has,

2 represents the number of shoes a person wears, /

represents the number of sides of 4 triangle,

o~

represents the number of bases of a baseball diamond,

5 represceats the number of toes on a normal right foot,

6 represents the numher of sides of a hexagon,

7 represents the number of continents in the wofld,

10 represents the number of lettersvin the word computer™#

. / .
Il represents the number of plavers on the starting baseball team,

Sy owny to owreite from 1oto 100 in Base. kight is to write from
1. to 1%u in Base” Ten, skipping any aumbe:. having a numeral representation

ontainine in 3 ar a4 92, .

;7 *%ote: Verbal translat'ion of 10 (Base tight) is one zero rather than
:ie word ten since ten me:ns ten ones and 10 (Base Eight) wmeans eight
rnes. Henca, careful verpal symhr.izatinn should b; used to prevent
ambignity in the exact meaning »f ¢ svmbol.

iU




12 represents the number of fingers on your two hanés,
13 represents the number Sf members of a football team,
14 represents the number of eggs in a dozen,
15 represents the unlucky number, and
16 represents the number of days in a fortnight.

Using the Base Eight tlumeration System, give the numerals to
represent:

(a) the number of pennies in three nickels

(b) the square of four

+ (¢) the ninth odd number

(d) thg ninth even numoer

(¢) the tenth odd numbler

(f) the tenth even number

(¢) the elaventh odd number

(h) the eleventh even number

(i) the twelfth ndd number

{j) the aumber of hour< in a day

{k) the square of five

e tholnumher of letters in the a}phnbet

(m) the cdbe‘of three

(n) the number of days in Fcbruary‘(non—lé%i year)

(o) the nurber of days in February in a leap vear

(p) the number of days in Septerher

(a) the number of days in January




(r) the/fifth power of two

(s) tﬁe product three and eleven

(t) the number bf‘days in five weeks
(u) the number of inches in a yard

A\ ’ /

\ e

2.2 Place-Values And Face-Values In The Base Eight Numeration System

¢
In the Base Eight Numeration System numerals are written to

indicate numberé. Each symbol of the numeral has two values, a

face-value and a place—valué. In the numeral 342 the face-value
of 2 is two and the place-value of two is one. The face-value of
4 ig four and the place-value of 4 is eight. The face-value of 3 is
three and the place-value of 3 is sixty-four. The corresponding Base

Ten numeral is given by 3 x 64 + ,4 x 8 + 2 x 1 or 226.

Y

W
[
b

b




FACF-VALI'ES

THREE

FOUR

TWO

,.-‘T_— T.- -—— .———'

o

# \ 1 Z7
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SIXTY~FOUR EIGHT ONE
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Example 1. State’ the place-value shown by each symbol in

the Base‘Eight numeral 753.

s
\ » -3
/ 100 100
100 10
s
LY 7/
100 100 -
) 10 |10
700 50
The 7 in the numeral 753 is a‘symbol for seven eight-eights
or seveﬁ sixty-fours.
The 5 in the numeral 753 is a symbol'for five eights.
The 3 in the numeral 753 is a symbol for three ones.

-

14
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, _ Exam lé 2., How many blocks should
100 100 RS £ y
. ' be added to the set on the left to
/

- 100 make an octet of octets of octets?

10 — .//f Answer. TFive blocks are needed to

go with the three ones to get an

10,

octet. Two more octets are needed
10 | 10 100

to get -eight octets. This octet of

» ‘ octets will be sufficient to com~

&
\

‘ . plete the éight octets of octets.
‘ v 100

Total. 2 blocks of 8 and 5 unit
blocks which can be written as 25
in base 8.

\ Exercise: TFind the face--values and place—values in the %ase Eight numeral 653,

X — N ™

100 Examnle 3.

1 T 100 £ |
S ; i 3 10 10////
2 . 1 ‘

3 ¢
5 b 171
; A 100 =] '
: f 10 10 T
iy ?jxunfng five edohitz o three ones

t : " : .

16




N : \
. . . 9 ,

/ Ei{amgle 4. Expand each of the following Base Eight numerals in

@ Base Ten.
(a) ) / / /._./ .

“ /
S 7
Answer: Base Ten Face-Values b s 7
4 4
Base Eight Numeral 2 7 = 2x8 + 7 x1 as Base Ten
- ¥ + _Numeral 23
Base Ten Place-Value & 1 a -

Lo

VoS /
‘/
o

s

3 ? - ——— - - —
BASE TEN FACE-VALUES 3, 1 7
. A 4 + ) Base Ten Numeral
BASE EIGHT NUMERAL 3 1 7 = 3 x 64 + 1x8 + 7 x 1= 207
‘* $ ‘* 4 . ~
BASE TEN PLACE-VALULS 64 , 8 1

16
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100

b

4

(e) Use cubic Geo-blocks to indicate the followine subtraction.
446 5473 , 333
=222 -234 =245

C 10
' Games : .
' (a) Use cubic feo-blocks to indicate the Base Eiaht numeral 33.®
'(b) Use cubic Geo-blocks to indicate the Base Eightvnumeral 47.
(¢) Use cubic Geo-blocks to indicate the Base Eight numeral 77.
, g (d) Use cubic Geo-blocks to indicate the following addition:
» .
T 317 327 777 . L0
+111 +222 + 1
/ 100 100///
/4 / LJ
100 ////‘
, ‘ 10 ‘/ ’j

‘ -
9 | 17
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We see that the last’symﬁod on the r{ght of a Qumcfal indicates the
number ot ones, the next to last symbol gives the number of base numbers,
the next symbol gives the number of squares of base numbérs, the next
symbol gives the number of cubes of base numbers, ch. With this

knowledge, we can easily convert a base eight numeral to a base ten

- numeral. }n writing and .reading numerals, we think of them as the

x numbers that they represent,

The number 138 = 310-+.810 = ll10

The number 4726, = 6+ 2 (8 ) + 7(810)2 +a@ )]

= 2,518
The number {2§8“ = 5t 208, 1B 0% = 85
®
\ ( .
%
) .

h"
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' Bxercises
1. Complete the ﬁollowing table: o \
Base :
Eight 21 35 427
Base
Ten - 0 27 8
" . * %
FORTRAN PROCRAM NO. 1
- \ Referer
1234567 20 | 30 40 50 - 60 .70 Columnc
C BEAU GERA LAJ D B COMMENT
C PROBLEM NO. 1 PAGE-40) — COMMENT
[ PPOGRAM TO CHANGE TEN EIGHT-PLACE BASE EIGHT NUMBERS TO BASE Trn COMMENT
C SPACE CALLED NCRDS TELLS US THE NUMBER OF CARDS OF DATA (2 DIGITSOMMENT
C WE SHALL RESERVE EIPHTY SPACES FOR THE RECTANGULAR ARRAY N(8,10) COMMENT
C WE SHALL RESERVE TEN SPACES FOR THE BASE TEN ANSWERS *1(10) COMMENT
C WE SHALL RESERVE TEN SPACES FOR THE BASE EIGHT INPUT NUMBERS L(10FOMMENT

1 DIMENSION N(8,10), M(10), L(10)
2 READ (1,.3) NCRDS

_ 3 FORMAT (12) "
4 v 24 K = 1, NCRDS

c THE FOLLOWING READ STATEMENT CAUSES DATA TO BE STORED BY COLUINS . COMMENT
5 READ (1,6) N . 1-2
6 FORMAT (8011) 1-3
7 D021 J =1, 10 1-4
8 MX =0 -
9 L% =0 > 1-8
10 FORMAT (1H , 10I10) ‘
31 p0 18 1 =1, 8 A
12 IF (I . FQ . 8) GO TO 16 :

13 MX_ = MX 4+ N(J.J) * 8#%#(8-7)
14 1X = LX + N(I.I)* 10*%*(8-T) 1-13
15 GO _TO 18
16 M¥ = MX_+ N(T, D) 1-13
17 LX = LX_+ N(I.J) ’ 1-13
18 CONTINUE ’
19 M(J) = MX . ' 1-13
20 1.(I) = LX , 1-13
21 CONTINUE - ‘ 1-18
22 RITE (3.10) L

23 WRITE (3,10) ¥ . 1-22
24 CONTINUE , - 1-18
25 STOP
26 END-

4 \
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Use.the Geo-board to follow the given data throughout the execution
of the instructions in the FORTRAN PROGRAM NO. 1. Aftef the execution

of the first program ihstruction, the ‘Geo~board may look like ¢his:

f N(Ll,d) N(1,10)
| o s

. - o . ’1
n(8,1) — =4 e S&io)
M(]) : .,;1 _/
L(1) — __+——— K{(10)

EXPLANATION OF FORTPAN PROGRA'® NO. 1

Each line in the program represents a program card. There aré eighty
columns on each card. In each column there is either a blank space or

o 1ims thoep 0 gymbels ctprescatet.  Tha - o insihle sveol- 2o
the ten numerals (from 0 to 9), the twenty-six letters of the alphabet
o {7-om A to Z), the period, the comma, the {left parenthesis, the right

narenthesls, the equal sirn, the plus sign

b the minus sign, the asterisk
and the dollar sign.

.

. Each column of an eighty column c2 as twvelve slots which are labeled

N Il
as shovm below.

1 10
12 'BE

11

A i

=]

COLIUNEWN D
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. e may pupch holes iny these'slots. Depending upon which particular
. -column’ slots are punched in a column, we represent various symbols.
Since there are-twelve. slots in, each column, there are 212 possible
cdhbinations of punched sloto for each of the columns. However, since
R there are fewer than 59 gymwbols to be used, (17 numbers, 26 letters;
etc. ), then the 212 4ifferent combinations are more than adequate.
q ,
Each, card will have either a C representation in the first column or.
will have nothing there. If a card has a C in the first column, then
the information is given to the processor that the information on the
card is only a Comment. That is, the information 1s not to be pro-
cessed. Another vay of saying this is that the processor will ignore .’
, these comments.

.

’

We note that in the program under study, the first seven cards are com-
- ment cards. .
Ouestion: Is there 2nother comment card in this program? If so,
what js 1t? .

If a card does not contain a C in the first column, then the card con-
tains at least in part, a program statement, and this program statement
may in turn be either executable orpnot executable. Executable state-
ments are executed in the order that they are listed unless changed by
a control statement.

i First Statement

DIMENSION N(8,10) , 11(10), L(10)
This first statement is called a DIMENSION STATEMENT.

The first program statement is an executable statement: Since all num-
bered statements must be numbered in columns 2 to 5, and this state-
‘Eent is numbered, its number, "1" is placed in column 5. However,
since this statement is never referred to in the vprogram by another
statement, it need not have been numbered. Also, though numbered, 1t
_ need not -ave been numbered "1". Any number would have sufficed.
| Mu~bared statami-t-~ do vrot have to be listed in numerical order.

- This first statement requests the processor to reserve space in the
storage cgmpzttment of the computer for three separate arrays of num-
bers.

(a) An 8 x 10 two-dimensional array as showm below,

valy L7y Ty ] —— N(1,10)

N(3,10)

N(8,1) -—+>

il
I
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(b) A one-dimensional array of 10 snaces as shown oelow,

MW 1 [ [ [ T T T 1T T <& wao

{c) Another one-dimensional array of 19 spaces.
.'Notef All statements begin in column #7. ‘ . :
[; (c) a-

Draw a picture representation for the array mentioned
hove. We should emphasize that the names of the .snaces to be reserved
(a) mav not be more than six characters long, and
(b) must consist of letters, or lettérs and numerals, the first
of which ?ust be a letter.

Examples:

The name NAME ‘is acceptable.

The name RESERVE is not acceptable. (too many characters)
The name 2R is not acceptable. (a number comes first.)
The name *R2 is acceptable.

The name MR, 2 “4{s not acceptable.(The comma is neither a

letter nor a numeral.)
. /‘) ‘
In a DIME SION STATEMENT, ' all names of spaces to b¢ reserved are to
be subscripted. However, subscripts are not to be counted when deter-
mining the length of the name.

Example : L @

The name BOY(1,1) is acceptable. (There are only the char-
acters B, O, and Y in the name inself.)

Ouestions:

(a) ¥hat is the total number of snaces that are reserved by the
first statement?

(b) Can you vrite a statement which causgs the processor to re-
serve a total of two hundred fifty snaces? If so, what 1is
it?

(c) Can a subscrint have more than six characters? If so; give
an example.

(d) Can a statément have a larger statement number than the one
which follows it?

(e) How large can a statement number be?

i 2.2
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]

Second Statement

READ (1,3) NCRDS , '

This statement is called a READ STATEMENT. It ic aa executable state=

- ment; it requests the procegsor

(a) to reserve ome gvace in the storage compartment of the com-
puter which hereafter will be referred to as NCRDS if such
named gpace has not previously been rescrved (In case that
such space has previously been regserved, this request 1 to
be ignored.), and ‘ ‘

(b) to read from machine number ome (THE CARD READER) 1into this
gpace (called NCRDS), the number which 15 on the next card
in machine number ome. read according to information FORMAT

NO. 3. Thus Statement No. 3 tells the processor how the
“nmnb[er appears on the card.

-

(e) to i-~nore 2ll empty spaces as always.

Third Statement

FORMAT (1I2)

This ctatement is called a FORMAT STATEMENT. A format statement 1s not
an executable statement. This statement

(a) 13 numbered since it is referred to in the program; (Remem-.

ber that gince a FORMAT STATEMENT is not executable, to be
ugsed in a program, it must be referred to; hence it muat be
numbered.),

(b) 13 referred to by the second statement, and

(c) tells the processor that the number to be read according to

the second, statement is an integer and occuples the firat .

two colurns on the card to be read.

v §\
FORMAT STATEMENTS may or may not follow the statement which refers to
it: sguch statements may be placed any where in the program.

Fourth Statement

DO 24 K. = 1, NCRDS

The fourth statement is called a DO STATEMENT. It asks the processor

23
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to execute all statements following this DO STATEMENT dohn to and in-
cluding statement number 24 as many times.as the number in the compu-
¥, storage space called NCRDS indicates. (For example, if NCRDS con-

| to statement number 24 will be exfguted in order 9 times.) How-.
before these statementd are executey the first time, a space
‘ is reserved in the computer by the processor and is given the
value of 1. The number in space K is increased by 1 each time
the sequefite of numbere has been executed. . '
Questions: Is the second statement numbered? If so, could this
number have been omitted? What about the third and
.- fourth statements? '

}Bterpret the fifth, sixth, and seventh statements.
Eighth Statement* ' ~
MX = 0 ' .

This statément is called a SUBSTITUTION STATEMENT. It has two func-
tions: ) !
(a) To request the processor to reserve in the storage compart-
ment of the computer, a space called MX, if such space has
not already been reserved, and

(b) to put the value of the right hand expression in that space.

&

Tenth Statement
L

FORMAT (1H , %1-10)

The tenth statement gives twe bits of information to the processor:

(a) It tells the processor to print, using the printer, as many
characters after the H as the number before the H indicates.

(In the case of this function, blank spaces are regarded as
characters.)

(b) It tells the processor'the form that the 1Q numbers should
take whenever this format statement is referred to. In thig
particular case, statements 22 and 23 hoth refer to the
statement number 10. Each of the ten numhers is considered
to be a ten place integer.

Questions:
(a) Must the eighth statement have been numbered?

*Note: The right hand expression need not have been equal to ze~
ro. It could have been either any other constant or any other type of
algebraic expression. (See 1-13 also.)
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(b) Iz ctorage space reserved in the computer by the proceaaor
in the execution of gtatement number eight?

(c) What 1o the value of the expregsion on the right hand sgide
of statement number eight?

(d) Give your interpretation of Statement number nine. Is stor-
age space reserved in the computer by the processor in the
cxrecution of gtatement number nine?

(e) What is the value of the expression on the right hand side
of gtatement number 97

.(£) What space i there reserved in this computeg by this state-
ment?

(g) Must the ninth statement have been numbered?
(h) Must the tenth gtatement have been numbered?

(1) Yhat is your interpretation of Statement number eleven?

Twelfth Statement

If (I .EQ . 8) GO TO 16 - M
] N 1
The twelfth gtatement i3 called a CONDITIONAL GO STATEMENT. It tells °
the procesgoféto proceed to statement number 16 if the value of the
number in space called I ig equal to 8.

Thirteenth Statement

MX = MX + N(I,J) * 8#*(8-1)

The thirteenth statement is another SUBSTITUTION STATEMENT. In deter-
mining the value of the expression on the right, the single asterisk
is treated as a "times" sien and the double asterisk is treated as an
"exponential” sien. As in all forms of mathematics, multiplicaticn
and division take presidence over addition and subtraction. Also, all
forms of grouping have hipgher priority. In the case of computer pro-
gramming, t'ie exponentiation comes between multiplication and division,
and grouping.

Questions: _
(a) What is your interpretaiton of Statement Number 137

3
+*

(b) State the purpose of Statement Number 14.

(c) Tuswmonse 8T tiie arviciccl dabts vesrc Tage Sever nurters .,

*Statements sinilar to Stacement 12 are given below:
(a) IF(I-NE-8)GO TO 16 means "If the value of T is not 8, tramczfer to Sl6",
(b) IF(I*LT-5)GO TO 7 mcans ''Change control to §7 if I is less than 5."
(¢) IF(J-GT*2)GO TO 3 reans "Change control te 83 if J is greater thanm 2.V

20




(d)

(e)

(£)
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That changeé would vou make 'in Statement Number 13 1in order
to change thosgse numbera to Base Ten?

For Base Seven numbers, wogld you malte any chaneesg in State-
ment  Mumber 147

Would Format Statement Number 10 have to be changed to acco-
wmodate Base Seven rumbers? . -

In revriting FORTRAN PROGRAM NO. 1, would you mdhe any other
changes in this program if you wished ¢o change ten cight-

place Base Eight numbers to Base Ten?
, .

Fiftecenth Statement

GO TO 18

This statement is called an UNCONDITIONAL GO STATEMENT. It tells the
processor to transfer control to statement number 18 under any condi-

tion.
* Ouestions-
(a) Explain Statement Number 16.
(b) Explain Statement Mumber 17.
Note Statements 16 and 17 are to be executed only wvhen I is equal
to 8. At that time, statements 13 and 14 are not executed.
(c) Examine statements 13 and 14 to detefmine «hy the 1instruc-
tions wkre so programmed. ‘
Note: The statements from Mumber 5 to Number 24 form our first DO

LOOP. The statements from Number 8 through WNumber 21 form
our second DO LOOP. Statements from Mumber 12 to Number 18
form our third DO LOOP. In any program, DN LOOPS -may be

nested: they must not be overlapping. 1In FORTRAN PPOGRAM NO.
1, the three DO LOOPS are nested.

25
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Eighteenth Statement

CONTINUE
The CONTINUE STATEMENT tells the processor to continue doing whatever
you have started. It is sometimes desirable to have this. statement as
a reference point for a DO STATEMENT, esnecially when othegwise there
might be two possible places that you may want a pﬁ;ticular DO LOOP to

end, .
éi;ﬁ Questions: .

(2) Explain Statement No. 19.
-(b) Explain Statement No. 20.
(c) Explain Statement No. 21.

Q ”

Twenty-Second Statement

WRITE (3,10) L

This is called a WRITE STATEMENT. It requests the processor to write
all numbers in the one-~dimensional array called L, using machine num-
ber 3 (the printer) according to FORMAT NO. 10. All leading zeros of
a number will not be printed. Format statements must include an al-
lowance of one extra space for the sign of a number.

Twenty-fifth Statement

STOP
The STOP STATEMENT tells the processor to execute no more statements.

Twenty-sixth Statement

ZND

The END STATEMENT tells the processor that this is the end of the pro-
gram. .

€

I3 —

(
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Problem. :

Using the data cards having input numbers arranged in ﬁhe order in-
¢ dicated below, tell what happens when FORTRAN Program No. 1 is exe-
- . cuted.

¥

Card 1, 03
Card 2  06735627354673254362766352701734660513652371005673421634
 74556321540654310967801046014421473021364773621472221327

Ly

13672136521126503662445136231064012630112°56214725137210
*

‘Complete the table bLelow givinglthe number of "plgces for the

. numbers listed.

Number - 37 1000 657 7777 0004 1007
Places two
' * % K P}
FORTRAN PROGRAM NO 2
. 7
1234567 | ' Botinny
c BEAU .COMYERT
C PROGRAM TO GIVE THE NUMBER OF SIGNIFICANT PLACES COMMENT
WRITE (3,22) .1-22
. 22 FORMAT (2X, 371 PROGRAM 2 *k*k* PROBLEM 3 PAGE 41 //) 1-10
DIMENSION BASE (10) - 1- 1
READ (1,1) BASE i 1- 2
1 FORMAT (10 F8.0)
DO 20 I = 1, 10 —1- 4
B = BASE (I) - L 2-1
K= 8 : i -1- 8
3 J = B/10.%*K , :
IF (J, NE,O) GO TO 18 ' - 1-12
K = K - 1 >- 1"13 o
¥1 o K+ 1 R s . 1-13
GO TO 3 ) . . 1-15
18 WRITE (3, 19)I, BASE (I), KI . . 1-22
19 FORMAT (I 20, £20.0, 120//) ~ ‘ - 2-22
20 CONTINUE C1-1
STOP 1-25

END 1-26




(a) Fully describe the statement |
WRITE (3,22)

(b) Each symbol / at the beginning or end of the Format detail
- causes the carriage return to become activated one extra time.
tlhen n is an integer, then the symbol nX in a Format statement
activates the printer by causing it to slkip n spaces. With
this explanation, describe fully Statement Ho. 22.

6%? (c) Describe the statement
DIMENSION BASE (10)
(d) Describe the statement
READ (1,1) BASE. i-

{z) The Format statement n F 8.0 tells ~the procegsor that there
are n numbers being considered. Each one 18 a real numbter
written in decimal form (br fioating Foint form). Each num- 6
g
ber is eight places long and there dre zero places to the right
of the decimal point. With this knowledge, tell "what State-
ment No. 1 does.

NOTE: Heretofore, the only numbers we have been using have
been intepers. MNames of variables which are integers
must.beein -with one of the letters I, J, K, L, M and N.
Other real numbers (with decimal begin with 1letters
other than these.

(f)‘Describe the folléwing three statements.

DO 20 I = 1, .10

B = BASE(I)

K 8

]

‘L AN (g) The symbol:ip 3B/10. is self-explanatery. The number 10. 1is
‘ consldered' to be a real number having a decimal point. Tell
what Statement No. 3 does. (Hint: J is an interer.)

(1) Tell what Statement 18 does.

[N

(1) Tell what Statement 19 does.

(i) Tell what Statement 20 does.

N
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3. lhe first six even wholce numbers are represented in Base Eight
by 0, 2, 4, 6, 10 and 12. List the first twenty even numbers
given in Base Eight. How can you thll whether or not a whole
number represented in Dase Eight is even?

FORTRAN PROGRAM 1iO. 3

1234567 ~
C U
C FROCRAM TO LIST THE EVEN NUMBERS <200 IN BASE EIGHT

0 *

JRITE (3, 22)°

22 FORIAT (24, 341 PFOG&MI3)

DINENSTON N{4), M(4)

M(1) = -3

M(2) = -6

M(3) = -4

M(4) = -2

DV 40 1 = 1,25 ,

DU 30 J = 1.4 ]

M(J) = MJ) + 8

N(J) = (1) -
30 COWTIN

0 20 J = 1,4

K1 = v{J;/ 04 , >

Bl = M3}~ (KI%04)

K2 = Ri/:

F3 = RL ~ h.i%g)

L) = (hl.;uO; + (K2%:10) + K3 v

20 CONWTINUE

WREITL (3,21

ro
=

FORMAT (& 120 //)

o~
o

CONTINUL

STOP

FND

bExercises

(a) Duscribe Statement No. 22.
(b) Desceribe Statement No. 21.

3J




(c) Explain the statement
' Kt = N(J)/64
(]

(Hint: Since the name K1 begins with the letter K, Kl must be
an integer.)

(d) Explain the statement,
K2 = R1/8

&

4. In Bagse Ten the number ten raised to the second power is repre-
sented by 100 or 102; the number ten raised to the third power
is represented by 1000 or 103. Give alternative representations

for the follouwing as intesral powvers of 10 in Base Eight.

\
(a) 100000 (c) 100000
(b) 100000 (d) 10000000
; ke

FORTRAN PROGRAM NO. 4

1234567

C BEAU ‘

C - PROGRAM TO GIVE THE INTEGRAL POWERS OF 10 IN SCIENTIFIC NOTATION
WRITE (3,22) NUMBERS < 10" USING ONE DIGIT TO THE LEFT OF THE DECIMAL
FORMAT (14X, 9H.PROGRAM 4)

DIMENSION T(8)

READ (1,23) T

FORMAT (8110)

pDO 20 I = 1,8

A= T(L)

K =10

J = A/1N. ** K

IF (J . NE .0) GO TO 18

K=K-1

GO TO 3

WRITE (3, 19). A, K : - .
FORMAT (12H THE NUMBER , KFit.0 , 20H IS 10 7 THE POVWER , I2)
CONTINUE

STCP

END ) S S ) )

O & W || jwln| =N [N

b=
S

[
[=~]

[
0

N
o

N
=

[\
N




25

Detailed Explanation of FORTRAN PROGRAM NO. 4

STATEMENT
WUMBER ' EXPLANATION
2 Printer Yrites: PROGRAM 4%****PROBLEM 9 PAGE 42
) , Procesgor Peserves:
1 [ [ [ [
T(1) T(2) T(3) T(4) T(5) T(6) T(7) T(8)
5 — Reader Peads In: )
L_10.] 1090 ] 1000 | 10000100000 |1000000] etc. [etc. |
T(1) T(2) T(3)o T T() T(6) T(7) T(8)
a %
7 Space A 18 reserved and the value of T(1l) is put there.
A

Space K 1is reserved and the value 10 is put there.

/,///ix

K
3 NOTE: o
- 10. 1is a FLOATING  POINT NUMBER. It is first raised
to the power indicated by K. Then 10 1is divided
ty the result and the decimal part is drooped. Hence
the value of J  is set to zero.
b
8 3
4 Statement No. 4 is self—explanatory if NE 1is read "IS NOT
EQUAL TC"
9 Reduce the value of ythe number %b space K by 1.
ot
K "ﬂ
_10 ] Change Control to Statement‘ih;a,jﬁi -
18 After going through the above LOOPF nine times, “the number 1

is in space K and space A contains the number 10. Why?
After the nineth time through, the PPINTER writes:

- THE NUMBER 10 IS 10 TO THE POWER 1.

%]
D
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5. The first five whole numbers that are multiples of four are

represented in Base Eight by 0, 4, 10, 14, and 29.

; (a) Use cubic Geo-blocks to represent the number 4 in Base

Eight.

-

(b) Use cubicpGeo-blocks to repregent the number 10 in Base

Eight. * -
. {c) Uée cubic Geo-~blocks to represent all of the mulgiples
of four between =zero and thirty—six:

(d) Tell which of the following Base Eight numerals repre-

Sent numbers that are multiples of four.

4402 ( 10000 10000000 240000000004
4304 34005 " 32400000 200007655702
2067 20000 2567300 287565500400

\a (e) Give a rule for telling whether or not a Base Eight num-

eral rerpr¢sents a multiple of four.

6. A number which 1is not even is - - Two.does not divide 1it.
The first five odd whole numbers are represented in Base Four
by 1, 3, 11, 13, and 21. List the first ten odd numbers gi-

™ ,
ven in Base Four. How can you tell whether or not a numeral

indicates a Base Four odd numbex?

Q 3 1‘3
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FORTRAN PROGRAM MNO. 5

1234567 '
c BEAU :
C PROGRAM TO GIVE THE MULTIPLES OF FOUR IN BASE EIGHT

22 FORMAT (2X» 35H PROGRAM 5%*%k%kk PROBLEM 12 PAGE 44//)

WRITE (3,22)

DIMENSION A(100)

INTEGER A, D4, D3, D2, Dl, D5

READ (1,1)-% . ?
1 FORMAT (13)
DO 3 I=1,N
C THE FIRST 100 MULTIPLES OF FOUR ARE COMPUTED IN BASE TEN
A(L) = 7%
s C THE DIGIT ASSOCIATED WITK HUNDREDS PLACE 1N BASE EIGHT IS COMPUTED
D3 = A(I)/ 64
C IF D3 IS EQUAL TO ZERO, THEN TIL STATEMENT LABELED 6 IS EXECUTED
IF (D3.E".0) GO TO 6
C THE VALUE ASSOCIATED WITH D3 IS SUBTRACTED FROM THE MULTIPLE OF FOUR
A(T) = ACT) - (D3*64)
C THIS STATEMENT COMPUTES THE DIGIT ASSOCIATED WITH THE TENS PLACE IN
C BASE EIGHT
"6 D2 = A(1)/8
C IF D2 IS EGUAL TO ZERO, THEN THE STATEMENT LABELED 8 IS EXECUTED
IF (D2.EQ.0) GO TO 8
C THE VALUE ASSOCIATED WITH D2 IS SUBTRACTED FROM THE WULTIPLE OF FOUR
A(D = A(T) - (D2%8) -
C_THE REMAINING VALUE OF A(1) IS ASSIGNED TO THE DIGIT IN THE UNITS
3 D1 = A(D)
C THE VARIOUS DIGITS ARE COMBINED INTO A THREE PLACE BASE EIGHT NUMBER
A(I) = D3*100 + D2%10 + D1
3 CONTINUE
WRITE (3,10) (A(D), I = 1.N)
C DISCUSS THE FOLLOWING FORMAT STATEMENT

10 FORMAT (10X,10(I6,5X))

STOP

END
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JFORTRAN PROGPAIN MO 5 deservey further comments.

{a) The statement \\\d
INTEGER. A, D4, D3, D1, D3
tells the PROCESSOR to round off these varlables dowmward' to
the nearest integer and to treat them as integers.
(b) The statement
IF (DS . EQ . 0) GO 70 2
ic self-axplanatory if the symbols EQ are interpreted to-
gether ag "'IS EQUAL TO" .
(cs The statement
WRITE (3,10) (a(1), I = 1,N) S/*\\
causes the PRINTER to print all the numbers A(I) /where I
takes on all the integral valuzs from 1 to the value of N.
(d) The 10(I6, 5X) in FORMAT NO. 10 has the same effect as if
16,5% had been written ten times in successiom.
Questions:
(a) What does the 2X 1in FORMAT STATEMENT NO. 22 tell the PRO-
CESSOR?
(b) What do the two symbols // in FORMAT STATEMEMT NO. 22 téll
the PROCESSOR?
»
(c) ~'Explain in detail, the statement
WRITE (3,22)
in FPORTRAN PR@GRAM NO. 5.
(d) Explain in detail,

FORMAT NO. 1D0.

3
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2.3 "age Tour lg ! “vysten of ~uTeration® !

~

fee tha svrbols 1, 2, 2 and the mmorals
7 to ronrezant the nwrher of thole nic-els in a mennv.

1 to renresent the nvrbar of moons the eart™ has.

2 to veanresent the nu .er of halwes 1n a *"ole.,

Lo

- ;- »
to renrecent the aurher of spcleo ir a trian~lie.

—
.

17 to renresant t-~ nu-her of Aeagong i~ 2 year.

11 to r=wrc3ent the nurher of neople irn a %et of Aauintunlets.

12 to resresznt the nurtar of eceg in a half nsed carton.

o d
13 to\%eptesent the nu—her of days in a veel.
E::e.rcis_e_s;_ o

1. ”ﬂiﬁw the Tace Tour ‘ureration Ryetem,‘ eive numerals to renre-
3=nt
(2) the num er of tors on your fcet

(5) the nurber of -r2e*n in a yeaar .

(¢) the numher of ~ints in a rallon

¢ - .
2.4 Flace Value and Tace Taluc Ir The Raga “our 'umezation Syste .

"here ar=s four subdiviszions in each secrion and a hulldar constructs

four s2ctions each z2aso0on of the vear. ™.are are four “locks }n 2ach
ni:arter sukfivisior. Tha huiider'buv:§~is lone Toat’ wall pai~t 1in
smwolesale auantitiezs at the nrice of four dollars ner rallon. A case of °
wall naint consists of four cazllons. A car taeat of #is pnaint c0n~=§\§§
=~

3jcts of four cases. / forl'lift consists-of four car taslets. A truck-

loa’ consists of four forklifts. A shinrment corsists of four ftwuch-

.




loads., / -aparousa of -'3ll raint counsigts ;f four chi~raents.

g btullder coustructs aicnt huildines on each si’e of the street
in each hlock. “ach huildin~ has four unitc eac“ counsistine of four
four-roo~ amartrente. Since, on the averare, a callon of vall naint i9
ugsed for each foom, ther a2 ease of wall naint 1g ugsed for each unit,
and a forklift 'of wall apint ig uged for each Buildin;. A  truckload

- of wall naint i¥ uged in each quarter-block and e sghioment of wall
naint 15 used in- each hlock. A wvarchouse of wall waint 18 uged in¢§
each guarter-subdivision and four war;houees of vall oaint are used in
eacl: subdivision. |

Qtviously. a ouart of naint is a wall of naint and a olass (or a

, cup) of naint is a duarter-vall of »aint. A 51&85 of naint 15 used in
. . -
each nan and & half ~111 of naint is congiderei to he one roller of

vaint. ‘e have TR PATUT O-FL

one tahlesvoon a  four fluidrams

one roller = four tabhlespoons

one cur = +four rcllcrs =  one nan or nuarter trall
one quart = four cuns = one frall

one r~allon = four auarts = one room

on2 case = four gallons = one anartment

one car bhasghet = four casesg = one unit

one fnr'- 1lift = four carhas'ets =  one “uildire

one truclkload = four fork "ifts = ope quartcer-hloch

one ghinreit = four trucklcads = one bloc*

one rrarehouse = fur “hisments = one nuarter--subdivision
four rarzhouses ' = one suhAivision

four suhdivisions =  one section

four sections = ong season -

four s=asons =  onA year

four years = one nresi'ential terr
four nresidential terms = one ararter life time
four quarter life tiiwes = one lifetime

. 37
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@3’1’ .
Te can uge t"e 3ase Tour numeration syste~ to effectively indi-

cate a snecific auantity of wall paint as 1ell ag the nrice.

‘In the Tase Tour numeration gystem, rnvmerals are wfitten to 4indi
cate the nuwhers. The nurmeral 312 is written to irdicate the number.
fifty four. Fach gymol of 2 nureral has a2 face-value and a wnlace-
value. Tor exarmle in t"~ numeral 312, the fac>-valur of 7 ig “two
and the nlace valuz of 2 1s one. The face~value of 1 is ggé andhe
nlace valuz of 1 is four. Tha face-valuz of 3 is three. and the nlace-

- ‘
value of 3 is sixteen. T e correspondine 7ase Ten nureral is given by
the renresentation 3 x 16 + 1 x4 + 2 x 1 or 54. Thus, the nurher that

these nuerals renxesent is fifty-four. Ir the fieure Ltelov we have

fifty -four unitg of -airt. "Tat are thege uvnita?

“AC”' "AL‘I?S

™ ey AN URAY

IT "mE
crer NARE

o

n-r
CcAcqr 9]
hY
A -— - 3
SI."TEF} o o -
PLACE-VALI'™SG ) -
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Example 1. State the values shown by each gymbol in the Base Four num=f?

\

LDACKAVALULS

TI0 ONE : ZEBRO THREL ONE-
. Cama—
ONE _5\
TRUCKLOAD ONE
FORK-
\_ ) Pds
LIFT \ U
. N 1
N 1+ CasE-
ONE —=n._] M 1
revaKoRD i N
A,
SIXTY~-FOUR {SIYTEENM _FOUuR DONE

??

7
PLACRNVALUES

3o
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2 43 a syttol for tro tro- fifty--slnes.

first 1 15 a syrbol for one sirty-four.

7 is 3 ewibol for zzro sixteens.

2 i a sy=H0l for three fours.

\
second 1 ig z sy~hol for omne one.

Vance, the corres»mondin~ Tase Ten* nuraral is riven by

Txamnle 2.

lagver g
“le
vve
“In
We
We

’El{lc

Aruitoxt provided by Eic:

22+ 1 gL EN w13 wb+ 1] oor 50°,

The correcnondine Base Ti~at nurmral is elven by

2 x4+ L 2N+ N) 2274+ 24 4+1x1 or

IV 4 1M 4+ Y4+ 14 + 1 or 1115,

Yoy many ~allons of naint mwgt e aided to the naint in

Fxarrle 1 in order to mae a total of 1"M™MN pallons of

naint (Maszz Ticnt)?

need

need

need

naed

need

need

Id

fad
LS}

cgllons to comlete t-2 case callons

" additional cases to co nlete 0 n~allons
t'n carhaskef of paint.

3 wrore carbaszetz of raint to
corrlete the forllilt, '3”” ~allons

?2 rore forkliftse of waint to 2N r~3llons

1 more truckload of paint to 10QuG galloua

complete the shipment

a total of 12303 gallon=s

4U
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.

Example 3. State the values shown by each symhol in the Base Four num-

eral 132. : . ¢

* FACE-VALUES

ONE THREE TWO

/

‘ —
1 CASE ;
CAR-BASKET

ONE
A1 1 case
1 CASE .
[
SIXTEFN FOUR ONE

PLACE-VALUES

PRSI

Answer The 1 is a symbol for one sixteen.
N —_—-

The 3 1is a symbol for three fours.
The 2 1is a symbol for two ones.

- Give the corresponding Rase Ten numeral.

nive the corresponding Base Eight numeral.




Games :
(a) Use the Paint HOdeéfFO indicate the Base Four numeral 3.
.(b) Use the Paing Mode%fio indicate the Base Four numeral 30.
(c) Use the Paint Model to indicate the Base Fouf numeral 201.
(d) Use'tﬁé Paint lModel to indicage the Base Four numeral 21.
(e) Use the Paint Model to indicate the Base Four humeral 112.

(f) Use the Paint Model to perform the indicated opera@ions:

2301 ' 3233 3231
+ 1011 - . 1211 - 2133

Exercises:

1. Complete the following table.

Base | 3 30 I 2Q1

Four

Base [ b ] 9 | 70 77
iTen

'k %

Modify FORTRAN PROGRAM NO. 1 in order to write FORTRAN PROGRAM
¥MO. 6 so that the answers to Problem 1 above may be computed.

*

2. The first four even whole numbers are represented by 0, 2,

10, ‘and 12 in Base Four. List the first twenty even Base

-

Four représentations. How can you tell If a Base TFour, number

is even?
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* * %

Modify FORTRAN PROGRAM NO. 3 to write FORTRAN PROGRAM NO. 7 that
will help to obtain the 1list requested in Problem 2.

4

*

3.7 List the first twenty multiples'of four in Bagse Four. T§11
how one would recognize a multiple of four represeptation iﬁ
Base Four.

4. The first four &dd whole numbers are fepreaented in Bagse Four
ﬁy 1, 3, 11, and 13. List the first twenty odd numbers by
Base Four representations. How can you tell whether or not
a numeral indicates a Base Four odd number?

5. Use the Paint Model to answer the following questions:

(a) How many gallons are there in a wgréhouge: of paint?
(b) Hoﬁ manyggallons are there in a car-basket of paint?
(c) What isla subdivision of paint?
(d) What is a lifetime of paint?
X % k /f
Modify FORTRAN PROGRAM MU. 5 to write FORTRAN PRbGRAM NO. 8 to
golve Problem 3 above.

4o
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2.5 "age ™10 e / Systen of umeration®

Ir Nasze Two, e uza th= gvptols N and 1. ‘'e uge thé nurvwrals
" tg renresent the number d6f full ‘rallonsg in a nuart,
1 to renresent the nurmber of full guarts in a liter,

1" to renresent t.e nu-ber of »ints in a nuvart,

11 to rerresent the nur,er of ancles in a triangle,

107 to ra2nresent the number of quarts in an fmerican ~allon,

1Nl to renresent the numher of quarts in a Canadian ~allon,

11} to renresent tihe nurker of days in a free and

173 to renresent the nurber of nints in an Arerican rallon.

Exerclsae

4 v/

1. Ttisine the 3ase ™10 Vluneration Svstem, rive numnrals to renresent
(a) the number of »ills in a ~allon. ‘

() the purber of pnints in a half an Armerican rallon.

=z

{(¢) the nurber of weels in thn vear.
(d) the nurber of cuns in a cuart.
(=) the nurter of auarts in a half-eallon.

(f) the nurber of auarts in threa ~allons.

2.6 Place Value and “ace Value In The Tag= o Numeration Syster &
In' the Jase ™o "umeration syster numerals are written to indicate

the nurters. The six nlace numeral 111111 18 written to indicate te

H

o nuther sixty-three. ¥ach symtol of a numeral has o faro-walna and a

“nae vay to write frorw 1 to 17" in Pase ™o 1s to urite from 1 to
17" in "ase Ten skinnizc any nurher havin~ a numeral trepresentation
containin~ 2 3 4,5 45 7,28, or ©.

ERIC | | |
s ‘ ‘ < ////




38

place-value. For examﬁle, in the numeral 111111, the face-value of
the first 1 is 1 and the Dlace~vélue of that 1 .is thirty-two. The
face-value of the second 1 i3 1 and the place-value of that 1 1is-six-
teen. fhe face-value of the third 1 is 1 and the place-value\of that
1 is eight. The face-value of the fourth 1 ig 1 .and the nlacc-value
of that 1 is four. ’ T
| uestian: Can you give the face-values and place-values for the
laét‘two svrbols in the Base Two numeral 1111117 If
so, ‘what are thev? |
We can use a Base Two numeration svstem to effectively indicate

the measure of a liauid. For example, 111111 cupms renresents one half

case, one rallon, one half-rallon, one quart, one pint, and one cup.

FACE -VALUES

NNE ONE ONE ONE ONFE

-—

\ 1
/ A

. V) .

; ]

uALF- / 0

HALF CASF AALLOY RALLON OUART
‘ PINT
o A Z v ;)

THIRTY--TUO SINTEEN EIGNT rorm | Two ONE

PLACE-VALIES

- — e ——
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Fixed and Floating Points

f . -

‘i‘In dealing with the computations on a digital computer,>it is
necegsary that the students are familiar with thce tw® numeration systems-
(1) Fixed points and (é) Floating point.

(l)_ A fixed point system is a numeration system in which the

position of the point is fixed with respect to one end of the numeral.

a

-

Thus, fixed points are integers.

In dcaling.with fixed point numbersf one must realize that the

computer gives out only integcer form of values as a result of computation.

In other words, the computer truncates all the fractional part of the

. a
number.
.

, For example: If 16 is divided by 3, thén the answer given out

[ .
s

by the computer will be 5, even though the correct answer should be
5.3333 -——=——- . Thus the decimal portion of the number is truneated.

Hence, one must be careful and specify if and when the computation .

A w

and the result of the ocmpuiatioﬁ are desired in integer form.
(2) Floating point numbers are thé\numbers in which the

fixed position of the decimal point is variable in accordance with

the requirement of thic computation.
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There are three different ways of representing the floating
points. They are:

(a) Conventional floating form: Example: The numbers of

the form 42.225, 3.2534 ...ctc,

(b) Ordinary Scientific floating point form:

- !
Example: 42.4225 (100);‘é2.4225 X 100; 42,4225 x IOOO; P

0.424225 x 102; 0.004225 x 1004;'.004225 % 104;
42422500 x 10-6 ... many other variations zre possible.

(c) Exponential floating point form:

Example: 42,4225E00; 42.aé25E 4+ 00; 4.24225E01;
4.24225E1; .424225E02 ... Etc., ... Etc.

(Further discussion on fhese forms can be found in the discussion

of the Format statements.)
Why the exponential floating péint form?

To angwer this question, consider the following example of
multiplication, |

nnn,dddd

m

. ddd
dddddd

m
kkkkk.,d
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This ghows that the decimal point in the product is located
go that it is to the left of the sum of the decimal places in both

the multiplier &#nd multiplicant.

Furtherwore; it is possible to set the number of decimal places
in advance whether we are using hand computation or a digital computer.
Suppose we decide to have our computation to three decimal places. The

disadvantage of this system will be formed in the following illustratiom:

0.058

0.025
. 00014

(=] 1]

5

4

Since we are limited to the three diéita, we lose all the mon-=zero
digits.

To avoid this kind of difficulties, most computers engaged in ~
sclentific computation use thg floating point arithmetic. In computers
certain circuits are built in go that the decimal points will be éligned
so that exponents are equal before addition and subtraction. In mul-
tiplication exponehts are added and in division the exponent of the
- divisor is subtracted from the exponent of the divid'nd. All these
are done automatically without requiring any special program instruction.

Thus the computation is fast and efficient. Hence it is the advantage

of using the third form.
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/

Examgle 1l. State the place-value shown by each gsymbol in 110101
vhere the numeral is given in Base Two. Also gtate
the corresponding face-values.
- - —
FACE-VALUES
ONE ' ONE ZERO ONE ZERO ONE
/I-
!
-
[ !
/ .
[N
./ /- -7 Py / I\
I'—' - 0/ —t]
| |
| HALF- ;T
HALF-CASE GALLON | GALLON ! QUART [PINT | | —
1 | ! | l O\
Vi . . L1 J v (I -L cup
~TIRTY-TI’O SIXTEEN EIGRT | Foum TWO ONE
L PLACE-VALUES
|
1 .
| Example 2. How many cups of milk are needed to add to 1001’ cups ,
to get a gallon of milk?
Answver: 1 cup is needed to go with the one cup 1 cup
to get one pint
1 pint is needed to go with this pint 10 cups
-1
1 quart is needed to go with the 100 cups
~ . .quart thus cbtained .

o ﬁiii‘cups
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Gameg:
i . )
(a) N\Use the Milk “odel to indicate the Base Two numeral 1.
|
(b) Géq\the 41k Model to indicate the Base Two numeral 101.

(c) Use the Milk-Model to perform the indicated operations:

101 111 10110 1111
+ 100 - 011 - 1041 + 1111
Exercilses:
(1) Complete the following table. b
Base 1 10 110
Two
Base 212 | 45 128 16
Ten :

(2) Expand the Base Two numeral 10111 in Base Ten.
(3) List the first sixteen even numbers piven in Base Two.
(4) List the first thirty positive integers._givern in Base Two.

(5) Tell which of the following Base Two numbers are multiples

of four.

(a) 11011 (d) 10110
(b) 110000 (e) 1000010
() 11111“ - (£) 10l000n

(6) Téll which of the followlng Base Two numbers are each inte-

gral powers on 10:

(a) 1100 - (e) 11000

(b) 100100000000 (d) 1000
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2.7 Comparigon of the Base Two System and. :the Bage Fight System With

the Base Four System

Example la. Oootwo represents the same number as Oeighé
Example 1b. 001, represents the same number as 1eigh€
Example 2a. 019,,,, represents the same number as Zeight
Example 2b. 011,,, represents the same number &s Beiéhﬁ
Example 3a. 100two represents the game number ag aeighé
Fwample 3b. 101 o represéh;s the same number as Seighf
Example 3c. 110two represents the same number as Geighﬁ
Example 3d. 111 o represents the same number as 7eigh£
Example 4a. 0007 007, = represents the same number as‘ Ooeighﬁ .
- 4b. 001 Oootuo represénts the same number as 1Oeiahé
Exam,.. Ja. 010 0‘00two represents the same number as 20eigh£
. Erample 5b. 011 000two represents'the same number asg 30eighﬁ
Exanple 6a. 1OQ OOOtwo represents the same nﬁmber as 40eigh€
Example 6b. 191 Oontwo reoresents the same number as Soeighﬁ
Example 6c. 110 000two represents the same number as 6oeigh€
Example 6d. 111 000two renresents the same number as 70eighﬁ
E§§§319_13.0 noNn 000two represents the same numher as 00’)eighe

Example 7b.1 000 00’)two represents the same number as 10061@e

Consequently,

111, 111, 111 represents the same number as 7 7 7eipht’ N

two

101, 100, 111,,, represents the same nunber as 5 4 Teipht »

ar2 100, 010, 101

represents the same number as 4 2 1eight‘

two




We eagily determine that

456 eight repregsents the same number as 100, 101, 110twL
and 4 5 leight represents the same number ag 101, 001, OOItwo' 4-or
5 examples for Base 4 to Base 2.

Since it is relatiﬁeiy eagy to convert from Bage Two to Base Eight, -
from Bagse Eight to Pese Two, from Base Two to Base Four and from Bage
Four to Base Two, it chould be almost aé eagy to comvert from Base Four
to Base Eight or from Base Eight to Base éour. Ye need only convert
from the firct base to Base Two and then convert to the second base.

For example,

131 2ur = 111 01 10,wo = 1 110 110y, = 1 6 6oy,
17 30ggne = 1 111011 0y = 111 10 1lpyq = 1 3 2 3¢,

Exerciges

1. Complete the following table.

Bage

Eight 1 1 1 15 . 37

Rasge .

T 001 i C01 001 101

2. Complete the following table.

Base 70 41 3% 3
Eigh t
Base
Teae 111019

/'-'

3. Complete the following table.

n 7
Base | 101 1010 1101 10001
Twao

Base ‘
FEight

4., Write programs to:
(a) Change a number from Base 8 to Base 4.
(b) Change a number from Base 4 to Base 8,

02

4
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.Design of a Simple Computer

"The relationghip among the principal components of the computer

can be understood by exawmining the figure below.

! MEMORY ~1
: AAIH_A J:,_ , 7

| INPUT _}"‘ >] CONTROL ~—————— J», OUTPUT |
PR _,’r_ ,,,,,, T SR
i £ —
| '
’ | ARITHMETIC/LOGI(

Input to the computer may be by punched cards, tape, teletypé,
or directly from the keyboard on the console. Imput consgists of
the set of statements which make up the program. The statements may
be instructions to the computer to perform certain‘Qperations or
data to be used in the processing of the program.

The memory unit is where irfcormation is stored until needed
in the execution of some part of the program. This ig the central part
of the ocmputer. All information must passg through it, including

data for manipulation and instructions which tell the machine what

to do.




The arithmetic/logic unit is where the actual computations take
v place. This unit may add, subtract, multiply or divide : higher-order

mathematics is not done direqFly. fhia unit also performs certain
logical operatiohs; it can determine if a number is positive or
negative, zero or non=zZero.

The control unit acts in a supervisory capacity and exercises
control over all units in the system. It coordinates the activities
of he other units by timing and directing the flow of information

from one unit to another.

The output section records in coaveniedt form the contents of

memory (answers to problems, original data, etc.). Output may be
o
in the form of punch cards, punched tape, magnetic tape or printed

sheets,

Let us design a simple computer and see how it may be operated
to solve some simple problems.

First of all we will design a small memory which consists of
25 words, each one has a éapacity of storing a two digit number and

4

sign plus or minus.

| i ' \
cl e T n ! D
+ ( 1 Y .
| ol x 'viz!lw ! Memory of Simple Computer
e e i Rl
L1 ts B G B B .
| } . g
e e e
el Te ol ox

T L i
i

™
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Questions :

l. What is the smallest ﬁpmber which can be put in the =zemory

-
of our simple computer?

2. Uhat is the dargest number which can be put in the meméry of

our simple ccrputer? .

. a
3. What sort of instructionsshould we give our computer to

execute? iake a table of them and assign a number to
-
9

each of thém.

Vd

B.
- . Sagple Table
Operations. Instructions . . ~ Abbreviation
Arithmetic /gleﬁr and Add ‘ . CLA
| Add ADD
Subtract . ‘ SUB
*  Multiply . MUL
INPUT & OUTPUT " Divide > DIV
St¢re - ST
Read o ‘ ' READ
A © Print - - | _WRITE
- ; Unconditiona1| ’
' - T
CONTROL . Tramsfer, Conditional 1 G¢ ¢
T T " IF THEN
s , . °

L -]
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<
<

How would yow instruct our simple computer to add two numbers,
say 35 and 177

v

First instruction ‘will be to read the numbers 35 and 17 from

tape or punched card and store in memory cells A and B

respectively, where A'and B are address of two cells inm

»

the computér memory. Second instruction will be to clear the
Arithmetic ﬁnit to zero and add A. Third instruction will
be’ﬁo add B. Fourthyinstruction will bebto print out the
result which is stored in the Arithmetic Unit.
In short, we can write the above instructions as follows:
READ.A, B
CLA
ADD B
£ )
PRINT (the sum of A, B)
From the instruction table, aséign the nuﬁberfwhich corresponds
to each of the 1nst:uctions in the program for the sum of
two numbers.
Write a program that will instruct tée,cgmputer to subtract
tgp numbers,\say.BS, 17.
Write a program that will instruct the simple computer to
multiply two numbers, say 35, 17. |,

Write a program to divide 95 byVS using the method of

repeated subtraction.

S




(a)
(b)
(c)
(d)

(a)
(b)
(c)
(d)

(e)
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Consider the followiﬁg statgments in the prqgram
Read (1,11) A(1), A(2), A&(3)
11 Formaz (3F 5.2)
What variables are read by the machine?
What does 1l refer to in tﬁe Read statement?
What does F refer to in the format s;atement?
Supposing A(1) = 5.6, A(3) = 132.75, A(2) =-9468.39. State

4

how the machine would read these.
Exercise #2 Read (5,60) A,??C,J,K 60 ¢
FORMAT (3 F 12.4, 2 1 3)
How many variables are read in the above exercise?
In the Format statemént what does 3 F 12.% réfer-to what variables? /

What type of variables are J, K?

Write the first and last statement of the program in problem

;number 4 by using a format statement.

At some stagz after the computer has gone through all the mathematical
stéps it must print out our results. That is done by the word write.
It's operation is similar to the input operation.

e.g. Write (5,60) A(l), A(2), A(3), A(4)

60 FORMAT (A I 2)

Explain the above two statements.

[Note: teacher should provide some examples if necessary.]
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There are two types of transfer statements
1. The unconditjional transfer-simply states the computer to go to a
certain line number such as Go To 6 simply states go next to

line number 6.
L4

2. Conditional transfer- There are two kinds of conditional statements,
one 1s called logical IF and the other is called arithmetic IF. 1In
the logica; the decision is based on a logical quantity being true
or false and in a quantity being either less than zero, zero or
gregter than zero in value. \

A logical transfer statement is of the form

IF (expression) statement number
IF expression is true go to statement number, if false go to
next statement number in the program.

The (expression) can relate two values by using one of six relatiqnal

operations.

Relational Qperation Mathemetical Symbol Definition

GT . > greater than
GE > greater than or
equal to
EQ = equal to
NE » ) # not equal to
‘ LE < ( )
LT < _

N

1

Z
co
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/‘\
The form of i;; arithmetic transfer’ 1is
IF (a) Ny, Ny g
means if a < 02 Go To line number n

1

if a = 0, Go To line number n2

if a > 0, Go To line number n3
‘Describe what will happen under the conditions given below:
(a) IF (J. NE. 0) Go To 18‘
(b) 1IF (J-N) 5, 5, 20
(c) 1IF (IND) 10, 20, 30
10X =Y
GO TO 40

20 X = 20*%Y

GO TO 40
30 X = Y##2
40 STOP _
(d) 1IF (7.GT. SUM) Go To 40 j y
'CAL = QU0883 |
Go To 30
U 40 CAL = QUO**Z
30 vernnnen
Sti = 7

QU0 = 5.0 - ‘ -

Z=2
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Do Loop

Hé&e the students discuss how to read and store a list of 20
numbers in our compgter sé tha; the individual members of the list
may be referfed to. The objé&t is to have them decide upon some
number»patteﬁg‘for referring to the mempers of the list in the order
give;l° The gimplist, and hence the best, way is to number them frém
L to 20,e.g. ALY, A(2), +.., 4(20).

The studentecma§$&egide to read and store the members of the list
all at once or to do it in groups of 10, 5, 4, 2 or 1. 1f omne

should suggest that the computer be told to repeat the read process,

4 3
try to bring out the concept of a loop. However, do not force it. If

<

it is brought out in this discussion, the next part willbe good to

réinforce the concept. .

Then consider how to instruct the compute;mko calculate the sum
of the sequence of the members of the list.* Note that only one
number may be added at a time. Somewhere during this discussion

the idea of having the computer repeat a process should come up.

You shouli‘be,able to generate a program somewhat like the following.

*Must allow the memory to store number with more than two digits and
at least for the location where X is stored.

. bu




10X =0
121 =0
14 T=1
16 CLA I°
20 ADD T
22 STO I
24 CLA A(T)
28 MuL A(T)

30 &iDD X

S

32 STO X ' ‘ 1 N
o

34 IF 1 < 20 THEN 16

36 PRINT X . )
( fesumes that thé members of the list have been real and stored in
the locatipn labelled A(1), A(2), ..., A(20))

Then define an instruction Do A I = S, E to replace steps
12, 14, 16, 18, 20, 22 and 34. A represents the line number of the
fical atep of the process which is to be repeated, I represents the
qname of the index which'will count the number of times the process has

been done, < represents the first J;lue for I (generally 1) and E
represents the last value for I. Hence, E-S would be the number of

times that the process will be repeated.

The above program then becomes:




AN

10Xx=0 - | <
20D0 321 =1, 20
24 CLA A(I)
28 MUL A(1)
30 ADD X
32 STO X
36 PRINT X '
Note that the values of 5 and E were determined here by the way
in which we named the members of our list. The freedom of choice for
' §;and.g is to allow the index I to be used as we have used it ‘in this
program, ‘ -~
Here is an alternate way of writing the prog;am which does not
involve using thé index during the repeated procesg—-except as a count
to determine when to stop. In this case the reading of the list into
the computer is done simultaneously with the calculations.
100 X = 0
110 B0 160 I = 1, 20
130 READ A
130 CLA A
140 MUL A
150 ADD X
160 STO X

170 PRINT X

-

12
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N
Have the students do some exercises guch as the following:
1. Urite a program to compute 10!
2. Urite a program to calculate the sum of all multiples of 5
from 5 to 100.

3. Given a list of ten numbers, write a program to arrange these

numnbers in ascending oxder.

- Mathematical Operations and Symbols
Symbols Operations
N ” Addition
- . Subtraction>
* Multiplication @
/ Division ¥
*k Exponentiation

Write the following examples in Fortran.
Example 1. ° 0
Z=A(3B + C)3
Solution:
Z = AR(3%B + C) #*%* 3
The order in which the above operation will take place are as
follows:
1) Multiply 3+#B
2) Add the product of 3*B to C

3) Raise the sum of 3*B+C to the third power

4) Multiply the results by A.

o | 65 )/\&
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Example 2.
—a +\n2 - sac ,
yeEoe o o
Solution: B}

Y = (~BH(BE*2 - 4,0%A%C)**,5)/2,0%A

The order in which the ébove operations will take place are
as follows:

1) PRaise B to the second power

2) lMultiply 4.0%A%=C

3) Subtract B#*%*2-4,0%A%C

4) Raise the remainder to the .5 power
5) Add -B to%the results
6) DMultiply 2,0%A
7) Dividc the product into the results in 5).
Problems
Write the foliowing algebraic expressions in the Fortran language.

- 3
- 214X + 3Y) 1/2
1) Y AB + C 53) Z PT{Y—J
2 -

A2+2AB+B

2) Y=
: 5
3y 7 = AGD+ 402 6) Y =4 (8+72)
3:C + D )
A‘l_ A\ H 4
4)Y=l—;(i% | 7) Y=l4x842




